Observation of beta-delayed protons from the decay of the mass LBL-8578
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-2- Recent developments in nuclear instrumentation techniques have made possible the detection of exotic light nuclei up to the proton drip line.
Such measurements have also led to the completion of the mass 8 and 20 isospinquintets [1, 2] as well as to the observation of four members of the mass 32 and 36 quintets [3, 4] , thereby extending the tests of the isobaric d multiplet mass equation (IMME) beyond the very well-studied isospin quartets. [5] . The masses of analog states of an isospin multiplet are given in first order by the IMME as:
where the coefficients a, band c are related to diagonal reduced matrix elements of the charge dependent part of the Hamiltonian.
Although this quadratic form of the IMME fits the vast majority of the data on known isospin quartets, a persistent deviation has been reported in .the mass 9 quartet. In addition, the mass 8 isospin quintet also shows a deviation from the simple IMME, so that tests at higher masses have become imperative to establish comparable systematics for quintets. .....
Since, in general, the most experimentally inaccessible mass in the . + A = 4n· isospin quintets is that of the 0 ,T = 2 state in the T = -1 nuclide, . z
we have initiated a program to characterize these states by observirig the beta-delayed proton decay of the mass-separated T. = -2 nuclei [2] . Mass z '
analysis is of critical importance due to the presence of other, copiously produced, strong delayed particle emitters; it is accomplished with a heliurnjet fed, on-line mass separator system, RAMA, described in ref. 6 . In particular,
we wish herein to report the observation of the decay of 24Si (whose accurate Ethylene glycol was employed as an additive in the helium to build up high molecular weight aerosols; nuclides attached to these aerosols possess c LBL-8578 excellent transport and skimming properties. After skimming, the reaction products were ionized in a hollow cathode ion source operated at about 1800 °c.
Ionized species were subsequently extracted and accelerated to 18. keV for magnetic mass separation. Total efficiency'of the system (target to focal plane) for si was about 0.01%.
The detection system for delayed protons on the focal plane of the separator consisted of a counter telescope subtending a solid angle of ~30% of 4TI sr. This telescope consisted of a 42 ~m ~E detector and a 300 ~m E detector, each 1.5 em in diameter. Mass separated ion beams of interest were implanted on a 50 ~gm/em2 carbon foil plpced just before the ~E counter.
Given this high detection geometry and the large area detectors, a decreasing detection efficiency is obtained with decreasing proton energy; the minimum observable energy was approximately 1.5 MeV.
. [7] . The quadratic IMME prediction and the proton binding energy in 24Al lead one to expect ~ 3.9 MeV laboratory energy for the proton transition 23 from the analog state to the ground state of Mg. Calibration of the telescope was accomplished by detecting the well-known beta-delayed proton .
25 . [8] .
(3 )
. emltter S1 , produced in much higher yield 1n the Mg He,2n react10n.
A proton spectrum arising from the decay of 220 ms 25Si is shown in fig. l(b) ; the groups at 4089±2 keV and 5403±2 keV provided convenient calibration points.
These calibration energies were derived from the most recent value of the excitation energy of the lowest T = 3/2 state in 25Al [9] . Events in the shaded areas in both spectra are due to the simultaneous detection of a proton and its preceding positron in this high geometry telescope.
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. f b T e proton spec rum ar1s1ng rom t e ecay 0 S1 a ter ombardment for 560 mC" is shown in fig. 1 were estimated by using the overlaid ALICE code as well as by the relative· experimental cross'section value for the previously studied 20Mg _ 2lMg
case [2] . The weak beta-delayed alpha emitter 24Al [10] also served as a
'. . very conven1ent mon1tor ur1ng t e S1 exper1ment. It should be noted that the peak attributed to the decay of 24Si can not arise from the possible f 24 24m 1 . . beta-delayed proton decay 0 Al or A, since the max1mum ava1lable proton energies in these latter decays are 2.1 and 2.5 MeV, respectively.
The proposed decay scheme for 24Si is shown in fig. 2 , in which the 
LBL-8578
Experimental mass values for the four known members of the A = 24 isospin quintet are given in Table I [12] [13] [14] [15] . These four accurate masses provide a good test of the validity of the quadratic isobaric multiplet mass equation as shown also in Table I Arrows at low and high energy indicate telescope cutoffs. Events in the shaded areas in both spectra are a pileup effect as discussed , in the text. Fig. 2 . Proposed decay scheme for 24si . The 24Si -24Al mass difference is taken from the quadratic IMME prediction. 
